Objective: Paraoxonase-1 (PON-1), which has PON and arylesterase activities, is a high-density lipoprotein (HDL)-bound antioxidant enzyme that inhibits atherosclerosis. Diabetes has been shown to have an impact on oxidative stress. The effect of metabolic syndrome (MetS) on oxidative stress and PON-1 has been shown before, and PON-1 has been found to be related with accelerated atherogenesis. This study aimed to determine the oxidative state and PON and arylesterase activities in non-diabetic MetS and non-MetS obese patients. Design: Thirty obese patients (3 M and 27 F) without MetS, 40 non-diabetic obese patients (3 M and 37 F) with MetS, and 30 controls (2 M and 28 F) were enrolled. Methods: A 75 g glucose tolerance test was performed. PON-1, PON, arylesterase, total antioxidant status (TAS), high-sensitive C-reactive protein (hsCRP), and metabolic parameters were analyzed. Results: PON and arylesterase activities were similar between the groups, while TAS was low in both MetS and obese groups compared to controls (P!0.01 and P!0.05 respectively). CRP was higher in the MetS group compared with the obese and control groups (P!0.01 and P!0.001 respectively). In both the obese and MetS groups, CRP showed a positive correlation with body mass index (BMI). TAS was negatively correlated with BMI, waist circumference, triglyceride levels, and systolic and diastolic blood pressures (P!0.001). Conclusions: Oxidative stress is altered in non-diabetic MetS and non-MetS obese patients, but PON and arylesterase activities seem not to be affected. This result may be due to the absence of diabetes, the most severe form of altered carbohydrate metabolism.
Introduction
Paraoxonase-1 (PON-1), which has both PON and arylesterase activities, is a high-density lipoprotein (HDL)-associated enzyme that protects low-density lipoprotein cholesterol (LDL-C) and HDL cholesterol (HDL-C) against oxidative damage, and these activities have been found to be inversely related to atherosclerosis (1) (2) (3) .
Metabolic syndrome (MetS) is defined as the existence of obesity, insulin resistance, glucose intolerance, hypertension, and dyslipidemia (4) . Subjects with MetS may be obese but all obese patients may not have MetS. Both MetS and obesity have been shown to have impacts on cardiovascular mortality and morbidity (5) . Several reports have indicated that MetS and obesity may alter oxidative stress, which contributes to atherosclerosis-related cardiovascular events (6, 7) .
However, these studies did not exclude diabetes, which severely affects oxidative stress and atherosclerosis. Therefore, we aimed to demonstrate overall and HDL-related antioxidant status in non-diabetic MetS and only obese patients.
Materials and methods

Subjects
Patients who were admitted for the evaluation of obesity were recruited from the Endocrinology and Internal Medicine outpatient clinic. A standard 75 g oral glucose tolerance test (OGTT) was administered to all participants, and patients were randomized to three groups according to their affected glucose metabolism. Groups included 30 obese patients without MetS and glucose intolerance (mean age 31.5G6.2 years, 3 M and 27 F), 40 non-diabetic obese patients with MetS (mean age 34.7G7.2 years, 3 M and 37 F), and 30 volunteer control subjects who were recruited from the Internal Medicine Department (mean age 33.1G7.8 years, 2 M and 28 F). Although the MetS group was composed of non-diabetics, all the patients except one had varying degrees of glucose intolerance or were insulin resistant. The control group had normal OGTT. MetS is defined according to the criteria accepted in the Third Report of the National Cholesterol Education Program (NCEP) (4) . Hypertension and hyperlipidemia were diagnosed for the first time at the initiation of the study, so no participant was using an anti-hypertensive or anti-lipidemic drug before obtaining the blood samples. Age, weight, height, body mass index (BMI: body weight (kg)/height (cm)
2 ), and systolic (SBP) and diastolic blood pressures (DBP) of all subjects were recorded. Fasting plasma glucose (FPG), plasma glucose following 75 g glucose administration, HDL-C, LDL-C, total cholesterol, triglyceride (TG), high-sensitive C-reactive protein (hsCRP), total antioxidant status (TAS), total oxidative status (TOS), oxidative stress index (OSI), and arylesterase and PON activities of all subjects were analyzed. The study was approved by the local ethics committee, and all participants gave signed informed consent.
Blood samples and preparation
Blood samples were drawn after overnight fasting, and serum samples were stored at K80 8C until biochemical determination of TAS, PON, and arylesterase activities.
Measurement of total antioxidant status
Serum TAS was determined using a novel automated measurement method developed by Erel (8) . In the method, hydroxyl radical, the most potent biological radical, is produced first. In the assay, reagent 1 containing ferrous ion solution is mixed with reagent 2, which contains hydrogen peroxide. The sequentially produced radicals, such as brown colored dianisidinyl radical cation produced by the hydroxyl radical, are also potent radicals. The anti-oxidative effect of the study sample against the potent-free radical reactions, which are initiated by the produced hydroxyl radical, is measured. The assay has excellent precision values, lower than 3%, and the results are expressed as mmol Trolox Equiv./l.
Measurement of total oxidant status
Serum TOS was determined using a novel automated measurement method developed by Erel (9) . Oxidants present in the study sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. The oxidation is enhanced by glycerol molecules, which are abundantly present in the reaction medium. The ferric ion makes a colored complex with xylenol orange in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant molecules present in the sample. The assay is calibrated with hydrogen peroxide, and the results are expressed as mmol H 2 O 2 Equiv./l.
Oxidative stress index Percent ratio of TOS to TAS level was accepted as OSI (OSI (Arbitrary Unit)ZTOS (mmol H 2 O 2 Equiv./l)/TAS (mmol Trolox Equiv./l)) (10).
Measurements of PON and arylesterase activities
PON and arylesterase activities were measured with commercially available kits (Relassay, Gaziantep, Turkey). PON measurement was performed either in the presence (salt-stimulated) or in the absence of NaCl. Paraoxon hydrolysis rate (diethyl-p-nitrophenyl phosphate) was measured by monitoring increased absorption at 412 nm at 37 8C. The amount of generated p-nitrophenol was calculated from the molar absorption coefficient at pH 8.5, which was 18.290/M per cm (11) . PON activity was expressed as U/l serum. The coefficient of variation (CV) for individual samples was 1.8%. Arylesterase activity was measured using phenyl acetate as substrate. Enzymatic activity was calculated from the molar absorption coefficient of the produced phenol, 1310/M per cm. One unit of arylesterase activity was defined as 1 mmol phenol generated per minute under the above conditions and expressed as U/l (12). The CV for individual serum samples was 4.1%. The sensitivities of both tests were over 98%.
Plasma TG, total cholesterol, LDL-C, and HDL-C concentrations were measured by automated chemistry analyzer (Aeroset, Abbott) using commercial kits (Abbott). Serum hsCRP level was measured using an available commercial kit (Roche). Insulin resistance was estimated with homeostasis model assessment insulin resistance index (HOMA-IR), and HOMA-IR O2.29 was accepted as indicating insulin resistance (13, 14) . Patients with diabetes, active infection, current smoking history, systemic disorder, or drug use affecting the oxidant state or lipid parameters (e.g. statins, angiotensin converting enzyme inhibitors, anti-inflammatory drugs, and oral contraceptives) were excluded.
Statistical analysis
All analyses were conducted using SPSS 11.5 (SPSS for Windows 11.5, Chicago, IL, USA). Continuous variables were expressed as meanGS.D., and non-parametric data were expressed as median and ranges. One-way ANOVA was used for multiple comparisons among the groups, and the Tukey HSD test was used if any statistical significance was found. Normality of distribution was evaluated with the Kolmogorov-Smirnov test. Pearson correlation test was used to evaluate any relationships between parameters. Multiple linear regression analysis was done to define the variables that may affect PON and arylesterase. All statistical tests were two-sided, and a P value !0.05 was considered significant.
Results
Mean ages of the three groups were similar. BMI, SBP, DBP, and TG levels were significantly higher in the MetS group compared to the obese group (all P!0.001). Both obese and MetS groups had significantly lower HDL-C levels than the control group (P!0.001 and P!0.01 respectively). The obese group had higher BMI and SBP and DBP than the control group (all P!0.001). LDL-C levels of the MetS and obese groups were similar, but were higher than those of controls (both P!0.001). All of these clinical and metabolic data are shown in Table 1 . In the MetS group, 12 patients had only impaired fasting glucose (IFG) (12/40, 30%), 1 had only impaired glucose tolerance (IGT) (1/40, 2.5%), 10 had both IFG and IGT (10/40, 25%), 16 were only insulin resistant (16/40, 40%), and 1 had no abnormal glucose metabolism (1/40, 2.5%). All patients in the MetS group were hypertensive. Of the 30 obese patients, 24 were insulin resistant, and none of them had abnormal glucose tolerance (24/30, 80%).
hsCRP level was higher in the MetS group compared to both obese and control groups (both P!0.001), while it was similar in the obese and control groups. TAS was lower in both MetS and obese groups than in the control group (P!0.001 and P!0.05 respectively). OSI was significantly higher in the MetS group compared to the control group (P!0.05). OSI was also higher in the obese group than in the control group, but the difference was not significant (Table 1) . PON and arylesterase activities did not differ between the three groups ( Table 1) .
In correlation analysis, TAS was negatively correlated with TOS, OSI, FPG, BMI, waist circumference, TG, LDL-C, hsCRP, and SBP and DBP (rZK0.384, P!0.001; rZK0.701, P!0.001; rZK0.408, P!0.001; rZ K0.414, P!0.001; rZK0.436, P!0.001; rZ K0.416, P!0.001; rZK0.237, P!0.05; rZK0.246, P!0.05; rZK0.467, P!0.001; rZK0.449, P!0.001 respectively) and positively correlated with HDL-C (rZ0.281, P!0.01; Table 2 ). OSI was found to be positively correlated with FPG, BMI, TG, LDL-C, hsCRP, waist circumference, SBP, and DBP (rZ0.281, P!0.01; rZ0.329, P!0.01; rZ0.378, P!0.001; rZ0.319, P!0.01; rZ0.257, P!0.05; rZ0.269, P!0.01; rZ0.377, P!0.001; rZ0.409, P!0.001 respectively) and negatively correlated with HDL-C (rZK0.219, P!0.05; Table 2 ). PON activity showed positive correlation with arylesterase activity and HDL-C levels (rZ0.351, P!0.001 and rZ0.242, P!0.05 respectively).
In multiple regression analysis, HDL-C was found to be the only variable affecting arylesterase and PON activities (P!0.05; Tables 3 and 4). 
Discussion
Obesity and glucose intolerance, the components of MetS, often cause oxidative stress and are related with accelerated atherogenesis, as mentioned in several studies (6, (15) (16) (17) (18) . However, these studies did not exclude the effect of diabetes on oxidative stress in obesity and MetS. In this study, we analyzed TAS, TOS, and OSI as the overall markers of oxidative stress and hsCRP as a marker of subclinical inflammation and cardiovascular risk in obesity and MetS excluding diabetes. We also aimed to determine how PON-1, a more specific anti-oxidative enzyme with both PON and arylesterase activities, is affected in these groups. We found that both hsCRP and TAS were altered in non-diabetic MetS and obese groups compared to controls, but oxidative state and subclinical inflammation were more severely affected in the MetS group when compared to the only obese group. This result is not surprising, since several metabolic alterations, such as hypertension, hypertriglyceridemia, low HDL-C levels, IGT, IFG, and insulin resistance, are frequently found in MetS when compared with obesity, as was seen in our morbidly obese MetS study sample. Since it is known that insulin resistance and adiposity, which are recognized as being related with altered oxidative stress, increase with increased BMI, this may explain the affected oxidant state in our morbidly obese MetS group (19, 20) . These findings were concordant with previous studies, but the patient sample of our study was more uniform (i.e. age) than the previous study samples (18, 21) . In one study sample, patient age was shown to be a critical point in the management of oxidative stress and the resultant inflammation (20) . In the present study, our patients were younger than in the previous studies in which oxidative stress was evaluated in MetS BMI, body mass index; FPG, fasting plasma glucose; HDL/LDL, high-density lipoprotein/low-density lipoprotein; hsCRP, high-sensitive C-reactive protein; OSI, oxidative stress index; PON, paraoxonase; SBP/DBP, systolic blood pressure/diastolic blood pressure; TAS, total antioxidant status; TG, triglyceride; TOS, total oxidative status; Waist-C, waist circumference.
and obesity (15, 18, 21) . Thus, the data collected from this younger population may be accepted as a more clear suggestion of the altered oxidant state in MetS and obesity. Another important factor that affects oxidative stress is the existence of altered carbohydrate metabolism. Diabetes has an important impact in increased oxidative stress and accelerated atherosclerosis (16, 17, 22) . Subjects in the current study had diabetes-free MetS and obesity, so we can conclude that the altered oxidative stress existing in MetS and obesity is not solely related with the existence of diabetes. Existence of alterations in carbohydrate metabolism other than diabetes in our MetS group may have had an effect on the increased oxidative stress, but the severity of this may be lower when compared to diabetes. Lack of analysis of our MetS patients in subgroups with normal glucose tolerance, IFG, or IGT is a limitation of our study with respect to drawing a conclusion about the impact of prediabetes on this enzyme system when compared with diabetic patients. The negative correlation of TAS with FPG and positive correlation of OSI with FPG may be an evidence of our latter conclusion about altered carbohydrate metabolism and oxidative stress. HDL is known to have the ability to protect LDL from oxidation and to have an impact on the decrease in adhesion molecule expression, the factors that may play a role in increased oxidative stress and hsCRP. Thus, low HDL-C might have been a responsible factor for the increased CRP and decreased TAS levels in our morbidly obese MetS and obese groups. The negative correlation between HDL-C and OSI and between TAS and hsCRP suggests this. In addition to these factors, existence of hypertension, which is well known as being related with oxidative stress and the progression of atherosclerosis, may also be a causal factor in the altered oxidant state in our MetS group. We also found OSI to be increased in the presence of high SBP and DBP in our study.
Although oxidative stress is accepted as an initiating factor in atherogenesis, it appears not to be the sole underlying mechanism (23, 24) . Recent studies have shown that PON-1, a protective enzyme for LDL-C oxidation, is an important molecule in the pathogenesis of atherosclerosis (25) . PON-1 has been studied in MetS and obesity in several studies in different study groups, and the results of these studies are conflicting (18, (26) (27) (28) . Senti et al. showed that PON activity is lower in MetS compared to controls, and they suggested that the increased oxidative stress is related with the low PON activity (18) . Although we found an increased inflammation and a limited antioxidant state in MetS in our study, our MetS group did not show any alteration in the PON-1 enzyme system. Age is known as an important determinant in PON activity (29) . The control group was significantly younger than the MetS group in Senti et al.'s study; thus, the older age in the MetS group may explain the lower levels of PON activity in their study. They also included patients covering a wide age range. Several other factors, such as inclusion of diabetic patients and smokers, may also have affected the low PON-1 levels in the latter study (30, 31) . Exclusion of such patients might explain the unaltered PON levels in our study.
The exact mechanism affecting low PON-1 levels in MetS is not clear. Although PON-1 activity has been found to be low in MetS, PON-1 codon 192 genotype distribution was found to be similar to that of the controls (18) . It thus seems that low PON-1 levels in MetS may be an acquired condition due to the affected oxidant state. The non-smoker, non-diabetic, and younger population may explain our data of unaffected PON-1 activity in the MetS and obese groups. Since we did not determine PON-1 codon, we are limited in drawing a clear conclusion about this finding.
There are few studies about the relation between PON-1 activity and obesity in comparison with the normal population, so the data regarding how obesity affects PON-1 levels is not clear. It was found that HDL PON-1 activity in obese patients is lower than in controls in a relatively smaller obese population (26) . In this study, low HDL PON-1 activity was found to be related with increased oxidative stress and is suggested to be the responsible factor in increased oxidative stress. Low PON-1 level may not initiate oxidative stress, but consumption of the enzyme due to increased oxidative stress may be another possibility. Since data regarding genetic determination of the enzyme is lacking, the initiating factor for this altered oxidative state in this obese group is not clear. We found PON and arylesterase activity in obese patients to be similar to that of the controls, despite an increased oxidative stress and subclinical inflammation. Since oxidative stress is the result of disturbed oxidant-antioxidant balance, this unchanged PON-1 activity in the state of increased oxidative balance may lead to oxidative stress and the resultant atherogenesis (32) . Our results suggest that PON-1 activity is low or unchanged in non-diabetic obese patients despite increased oxidative stress, which may result in inadequate antioxidant defense.
In conclusion, oxidative stress and inflammation are increased in non-diabetic obese and MetS patient groups. Unchanged HDL-specific anti-atherogenic enzyme activities in obese and MetS patients may lead to an inadequate total antioxidant defense system and the resultant atherogenesis, even in those who are diabetes free.
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